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1. Introduction 
The release of endodextranase inbatch-grown cul- 
tures of Streptococcus mutans can influence the activ- 
ity and products of D-~uco~ltra~ferases that convert 
sucrose into cu-D-ghrcans [ 121. Although dextranase 
can be separated from the D-glucosyltransferases 
[ 3,4], the mechanism of glucan synthesis i  often 
studied with preparations of D-glucosyltransferases 
that contain dextranase activity [ 21. This paper 
reports on conditions of growth of 5’. ~~~~~s under 
which the production of D-glucosyltransferases wa
normal, whereas the release of dextranase could not 
be demonstrated. 
2. Experimental 
2 .l . Bacteria 
StrainsofS. mutansAHT,B13,Kl-RandOMZl76 
were obtained from Dr D. D. Zinner,Dr S. Edwardsson, 
Dr R. J. Fitzgerald and Professor B. Gu~e~e~, 
respectively. The organisms were grown in continuous 
culture at 37’C in the medium of [ 51 with the limiting 
sugar, usually D-glucose, added at 0.5%. Anaerobic 
conditions were maintained with a gas mixture of 
N&O2 (955, v/v), and the pH was kept constant at 
6 .O . After the organisms had utilized all the glucose 
(batch-growth, stationary phase) a sample was with- 
drawn, and pumping of fresh medium through the 
vessel was commenced, When at least 5 culture vol. 
(equiv. 7 mean generation times) had passed through, 
the culture was considered to be in a steady state. 
Samples were then collected in an icecold bath, and 
the broth was centrifuged for 10 min at 12 000 X g. 
The cell-free filtrate was dialysed against 50 mM 
sodium citrate buffer (pH 6.0). 
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2.2. Assay of enzymic activities 
Dextranase activity of the dialysed cell-free filtrate 
was determined from the release of reducing sugars 
[6] in a digest (1 ml) that contained Sigma 2000 dex- 
tran (15 mg) and enzyme (OS ml) incubated at 35°C. 
Samples were withdrawn at intervals up to 24 h. One 
unit of activity was defined as the amount of enzyme 
that released 1prnol reducing sugar in 1 min. 
The triplicate reaction mixtures (0.5 ml) for D-glu- 
cosyltransferase activity contained sucrose-[U-‘4C]- 
glucose (5 mg, 0.006 ~Ci~~mol), Sigma 2000 dextran 
(50 1.18) and dialysed cell-free filtrate (0.2 ml) in cen- 
trifuge tubes. After incubation at 35’C for 20,40 and 
60 mm, respectively, ethanol (3 vol.) was added to 
precipitate polysaccharide, and the mixtures were 
stored at 4’C for at least 24 h. The precipitates were 
then collected by centrifuging, washed twice with 
methanol, and resuspended in methanol. The samples 
were filtered through 25 mm paper circles (Whatman 
3MM)held in aMillipore assembly and further washed 
with methanol (20 ml). The dried papers were sus- 
pended in a toluene cocktail (8 ml), and the radioac- 
tivity of the glucans was counted in a Beckman Model 
LS 9000 liquid scintillation counter. 
D-Glucosyltransferase ctivity was also assayed in 
similar digests containing unlabelled sucrose. The 
washed pellets of polysaccharide were dissolved in 
7 M H2S04 (1 .O ml) and their weight was determined 
with anthrone reagent [7 $1. The yield of glucan was 
obtained by subtracting the weight of fructan (cold 
anthrone) from that of total polysaccharide (hot 
anthrone). One unit of activity was defined as the 
amount of enzyme that transferred 1&ma1 D-glucose 
from sucrose into glucan in 1 min under the assay 
conditions. 
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3. Results and discussion 
3 .l . Effect of growth conditions on extracellular dex- 
tranase activizy 
Fig.1 shows the decrease in dextranase activity of 
culture filtrate that occurred when a batch growth of 
S. mutans Kl-R was converted into a continuously 
growing culture with glucose being the limiting nutri- 
ent. The volume of vessel contents was constant at 
325 ml, and the speed of the nutrient pump was set 
to provide a medium flow rate of 16.25 ml/h. The 
dilution rate D, which is defined as the number of cul- 
ture volumes of medium passing through the growth 
vessel in unit time, was therefore 0.05 h-i. Since 
D = (log, 2)/td, where td is the mean generation time, 
the growth rate was controlled by the dilution rate so 
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Fig.1. Extracelhrlar endodextranase activity of S. mutans 
strain Kl -R grown in a chemostat under conditions of glucose 
limitation. The mitral value was obtained at the end of batch 
growth, then the nutrient pump was set to give D 0.05 h-r. 
Three subsequent measurements of dextranase activity, taken 
during the transient stage, show the gradual oss of dextranase- 
producing cells. At the steady state (4) and thereafter, the 
culture no longer produced dextranase. 
that td was 14 h. Cells which had released extranase 
into the medium during batch growth no longer did 
so when their growth rate was controlled at a low 
value, giving a mean generation time close to that in 
[9] for organisms growing in dental plaque. 
S. mutans strains B13 and OMZl76, which are 
good producers of dextranase during batch growth, 
followed the same pattern as strain Kl -R in contin- 
uous culture. No dextranase activity could be detected 
at D 0.05 h-l. After S. mutans OMZ176 had become 
steady at D 0.05 h-r in the glucose-limited medium, 
the reservoir was replaced by one that contained the 
same medium, supplemented with 4% glucose. Thus 
glucose became sufficient, and another of the sub- 
stances essential for growth of the organism became 
limiting. Growth then continued at D 0.05 h-l, but 
dextranase did not reappear. Thus, it may be a general 
rule that S. mutans strains do not release dextranase 
when the growth rate is kept low by a fixed rate of 
supply of a growth-limiting nutrient. If this condition 
were suitable for D-glucosyltransferase production, 
the culture of S. mutans at low growth rate would 
eliminate the need for the extensive chromatographic 
procedures that are necessary to remove dextranase 
from Dglucosyltransferase. 
3.2. Effect of growth rate on extracellular D-gluco$- 
transferase activity 
A preliminary study with strains OMZ176 and B13, 
which showed a 3.5-fold and 2.0-fold higher D-glu- 
cosyltransferase activity, respectively, at low growth 
rate (D 0.05 h-r) than at high growth rate (D 0.5 h-r), 
indicated that a low growth rate might be the best 
condition for D-glucosyltransferase production. How- 
ever, the higher activity at low growth rate could have 
been due to the absence of dextranase, whereas the 
apparent lower activity at the higher growth rate 
might have been influenced by the presence of dex- 
tranase. The only way to assess the true effect of 
growth rate on D-glucosyltransferase ctivity was to 
use a strain of S. mutans that did not release dextran- 
ase under any condition, 
A dextranasedeficient strain of S. mutans AHT 
was grown in medium supplemented ither with glu- 
cose (0.5%) or with fructose (0.5%), and D was varied 
between 0.05-0.50 h-l. D-Clucosyltransferase activ- 
ity was maximal at the lowest growth rate in fructose 
medium, but did not vary greatly with growth rate in 
glucose medium (fig.2). A low growth rate was there- 
fore a suitable condition for the production of D-glu- 
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Fig.2 Effect of dilution rate on the extra&h&r D-glucosyl- 
~an~era~a~iv~y ofS. ~~~~~~~~ AHIgown inacbe- 
mostat under conditions of ghrcose limitation (A, A) and fruc- 
tose limitation (o, e). The open symbols (A)represent activity 
units based on the weight of olDglucan synthesized, the value 
shownat D Cl being that obtained in batch culture. The closed 
symbols (@represent incorporationof [“C]glucosyl’residues 
into glucan in 1 mm. 
cosyltransferase. Portions (300 ml) of ceh-free filtrate 
produced at D 0.05 h-’ and 0.40 h-l under glucose 
limitation were concentrated to 25 ml with hollow 
fibres, and the enzymes that precipitated with 50% 
saturated ~rno~~urn suiphate were separated on 
hydroxyapatite [4]. In both cases, alinear gradient of 
sodium phosphate permitted the isolation of an 
enzyme (GTFS) that synthesized water-soluble glucan 
and another enzyme (GTF-I) that synthesized water- 
insohrble ghtcan, from sucrose .Peak activities of the 
two enzymes were eluted with 0.07 M and 0.26 M 
sodium phosphate (PH 6.5), respectively. This estab- 
lished that the two D-glucosyltransferases, previously 
isolated only from batch cultures, were also preduced 
in ~ont~uous culture. 
Cell-free filtrate from S_ mutants OMZl76, grown 
at D 0.05 h-r in glucose-limited medium, was then 
treated as described above far AHT. Fractions eluted 
from hydroxyapatite that contained peak D-glucosyl- 
transferase activity, were pooled and incubated with 
sucrose as in [4]. Methylat~on analysis of the &can 
products proved that GTF-S had synthesized a highly 
branched 1 ,&glucan, and that GTF-I had synthesized 
an essentially linear 1 a-glucan. The D-glucosyltrans- 
ferases thus had the same specificity as the enzymes 
released in batch culture [lo]. 
Ft is concluded that continuous culture of 5’. mutans 
at fow growth rate is an appropriate technique for the 
production of celf-free filtrate that is completely 
devoid of dextranase activity. Since Dglucosyltrans- 
ferases are apparently produced in optimal amounts, 
this condition gives suitable starting material for the 
study of these enzymes and their &can products. 
Some serotypes ofS_ ~~r~~~ give greatly increased 
yields of D-~ucosyltransferases when cultured in 
excess ghrcose [ 1 I], whereas other strains give better 
yields in glucosedefrcient medium [9]. We have con- 
firmed that with both types of media, culture filtrates 
can be obtained free from dextranase. 
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